Abstract. The Klang River originates from the northern part of Selangor, drains the Klang Valley, and finally discharges itself into the Straits of Malacca, approximately 120 km away from the upstream point. As the state of Selangor and the city of Kuala Lumpur are going through tremendous development, the river is subjected to pollution from point and non-point sources. The pollution sources may come from urban activities, agricultural activities, industrial and commercial activities, and residential areas. In addition to this, the pollution loading from non-point sources is usually difficult to estimate because it is a function of rainfall/storm water runoff. The purpose of this research is to set-up a digitized model of the Klang Valley river basin to study the effect of development on the river basin by using computer modeling. In this paper, the used of GIS technique in determining the spatial variability in river basin has been explored. Based on the GIS technique, the DEM of the study basin was used to delineate the stream network and extract information of catchments characteristics. The locations of the point and non-point sources were surveyed and digitized spatially along the river basin. These are important as it will serve as a database before the water quality simulation can be performed. The developed model can also be extended to a larger basin. Field survey and further investigations would be helpful in calibrating the critical parameters and thus improving performance of the developed model.
Introduction
Malaysia, one of the most rapidly urbanizing countries in Asia, is facing major environmental challenges. Rapid industrialization, although relatively well-planned and regulated, has generated increased pressure on urban areas especially in the Klang River Basin, the most densely populated area of the country. The Klang River drains an area of 1,288 km2 from the steep mountain rain forests of the main Central Range along Peninsular Malaysia to the river mouth in Port Klang, covering a distance of 120 km [1] . The Basin encompasses the Federal territory of Kuala Lumpur (Federal Territory), parts of Gombak, Hulu Langat, Klang, and Petaling districts in Selangor State, and the municipal areas of Ampang Jaya, Petaling Jaya, and Shah Alam [2] . The Klang River originates in a mountainous area about 25 kilometers (km) northeast of Kuala Lumpur. It's joined by 11 major tributaries while passing through the Federal Territory and the area downstream of Kuala Lumpur, before joining the Strait of Malacca at Port Klang [2] .
Computer models are used extensively for water-quality management of rivers and streams. These models must typically be calibrated by adjusting a large number of parameters to attain optimal agreement between model output and field measurements [3] . Mathematical-computational modeling of river water quality is possible but requires an extensive validation. Besides it requires previous knowledge of hydraulics and hydrodynamics. To overcome these difficulties, a water quality index (WQI) was developed [4] . WQI is a mathematical instrument used to transform large quantities of water quality data into a single number [5] . The water quality index (WQI) has been considered as a criteria for river classification. The index is a numeric expression used to transform large quantities of water characterization data into a single number, which represents the water quality level [6, 7] .
Spatial characteristic of land use, vegetative cover, soil, topography, and precipitation of concerned catchment requires a tool that can effectively manage spatial data. Spatial modeling with Geographic Information System (GIS) is a proven method that has been well documented in many previous studies. With application of GIS techniques to water resources management, more and more researchers are involved in developing distributed hydrological model to simulate runoff and stream flow in watersheds [8] . GIS is an integrated assembly of computer hardware, software, geographic data and personnel designed to efficiently acquire, store, manipulate, retrieve, analyze, display and report all forms of geographically referenced information geared towards a particular set of purposes [7, 9] . There are essentially two types of GIS, vector and raster systems. These systems differ in the manner by which spatial data are represented and stored. In both systems, a 'geographic coordinate system' is used to represent space. Many coordinate systems have been defined, ranging from simple Cartesian X-Y grids to spatial representations that correspond to the real world such as latitude/longitude pairings, State Plane coordinates or the Universal Transverse Mercator system coordinate system [9, 10] . The development of Digital Elevation Models (DEMs) generally relies on different data sources such as contour map, photogrammetric and any other data collected from field studies. Frequently used structures of DEM are the rectangular grid, and the triangulated irregular network (TIN). One of the most important parts of DEM building is interpolation [11] . To generate a DEM from contour line maps the vector contour lines generally need to be converted into raster mode before local interpolation methods like inverse distance weighting and kriging can be used [11] .
Methodology
The study area, i.e the Klang river basin, is located within the state of Selangor and Kualal Lumpur, Malaysia. The Klang River drains an area of 1,288 km 2 from the steep mountain rain forests of the main Central Range along Peninsular Malaysia to the river mouth in Port Klang, covering a distance of 120 km. Fig. 1 shows the Klang river catchment within Peninsular Malaysia map.
Fig. 1: Klang River Basin
The data collection for setting up the model can be broadly divided into three parts; the GIS data, Hydrology and Hydraulic data, and Water Quality data.
GIS Data
GIS software is used to create digital map for Klang River. A good quality of GIS Map is very crucial in the development of the layout of the river network. In addition to this, the sub-basins for the river network also need to be determined. A GIS technique is used to generate Digital Elevation Model (DEM) for Klang River. It is also used to sub-divide the study area into small sub-catchments units based on DEM information. The sub-basins were further refined according to the contour lines and land use. The Klang river network is divided into nineteen sub-basins. To accommodate all the
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Advanced Building Materials sub-basins Sg. Klang has been divided into fifteen reaches with seven tributaries, namely Sg. Ampang, Sg. Gombak, Sg. Kerayong, Sg.Rekah, Sg. Pencala, Sg. Rasau and Sg. Damansara. The main river and the tributaries were presented as a poly-line shape file while the sub-basin area were presented as a polygon shape file.
Hydraulics and Hydrology Data.
Hydrographic survey was performed to obtain the physical river data such as velocity, cross section and profile of the river. Nineteen gauging stations together with existing rainfall and stream flow stations were used to satisfy the hydraulics and hydrology data requirements.
Water Quality data
Field survey was done to determine the location of point sources along the main river and its tributaries. Field samplings were also performed on selected points and laboratory experimental work has been employed to determine the water quality parameter. Supplementary data has also been sourced from the Department of Environment (DOE) Malaysia.
Results and Analysis
Digital elevation model and digital map for Klang River have been created. Klang River basin has been divided into nineteen sub-basins. The required hydraulic data, which was obtained from the field has been entered into the GIS model. This DEM model allows us to determine the geometric data for Klang River, such as lengths, elevations, slopes, area, perimeters, etc. Fig. 2 shows the Klang river main stem, tributaries, sub-basin and the gauging stations. The required water quality data and the location of the sources of pollutants have also been surveyed and transfer into the digitized form. The land use of the Klang river basin has been determined and inputted in the model as well. This is important for the estimation of non-point sources. The digitized map is ready for a simple spatial analysis. Fig. 3 shows the locations of the sources of pollution. These data will then be transferred into the water quality model for assesment and analysis of the water quality along the river basin. The model can estimate and predict the water quality of the river from the upstream to the downstream of the river basin. Fig. 4 shows the schematic diagram of the water quality model. 
